Introduction
A substantial proportion of patients who enter antiretroviral therapy (ART) programs with advanced immunosuppression in resource-limited settings do so while on tuberculosis (TB) treatment (up to 25% in one South African cohort [1] ) and many of the patients among those established on ART will need to be treated for TB during their lifetime [1,2 ,3]. Concurrent treatment for these two conditions creates several management challenges, including drug interactions, shared drug toxicities, TB immune reconstitution inflammatory syndrome (TB-IRIS) and high pill burden, which potentially impact on adherence (Fig. 1 ). The optimal time to initiate ART in those on TB treatment is not defined. The situation is further complicated by the emergence of drug-resistant TB among HIV-infected people particularly in southern Africa and eastern Europe, where additional management issues arise [4 ,5 ] . The management of HIV-TB co-infection has previously been reviewed [6] [7] [8] 9 ] . The focus of the current review is studies relating to adult management issues published since January 2008.
concentrations of concomitantly administered nonnucleoside reverse transcriptase inhibitors (NNRTIs) and protease inhibitors, potentially resulting in inadequate ART plasma concentrations and inferior ART outcomes.
Efavirenz is the NNRTI of choice for use together with rifampicin-based TB treatment [11, 12] . However, nevirapine is also extensively prescribed in patients with TB in resource-limited settings due to its low cost and wide availability in fixed dose combination formulations and due to concerns about the teratogenic potential of efavirenz.
Recent studies in India [13 ] and South Africa [14 ] found no significant decrease in efavirenz concentrations in the presence of rifampicin-based TB treatment. The cytochrome P450 2B6 516 G>T polymorphism, which impairs function of the primary route of efavirenz metabolism, 2B6, is common in African populations [14 ,15,16] . This polymorphism has a far greater effect on efavirenz concentrations than rifampicin, resulting in high efavirenz concentrations at standard efavirenz doses even in the presence of TB treatment [13 ,14 ] . This factor may result in increased central nervous system adverse effects [17] . In African patients on concomitant TB treatment, efavirenz concentrations in patients weighing more than 60 kg were similar to those in lighter patients [14 ] . Efficacy of efavirenz-based therapy at standard doses (600 mg daily) is unaffected by concomitant TB treatment [18 ] . Centers for Disease Control and Prevention [11] and World Health Organization (WHO) [12] guidelines have previously suggested that increasing efavirenz dose to 800 mg may be necessary in patients weighing more than 60 kg, but we do not recommend this based on these data.
Nevirapine concentrations are decreased by concomitant rifampicin-based TB treatment, and Thai [19 ] and South African [20] investigators found subtherapeutic nevirapine concentrations in 21-38% of co-infected patients on rifampicin-based TB treatment taking stan-dard nevirapine doses (200 mg twice daily). Modeling of data from South African patients indicates that increasing nevirapine doses by 50% to 300 mg twice daily would achieve therapeutic concentrations in the majority of patients [21] , but the safety of this strategy has not been adequately explored for recommendation as routine practice, and may result in increased hypersensitivity reactions [22] .
Nevirapine is generally initiated at a dose of 200 mg daily for the first 2 weeks (termed the lead-in dose), during which time auto-induction of metabolism takes place. This regime reduces the rate of early adverse effects [23]. The optimal dose in the first 2 weeks in patients already on rifampicin, which induces nevirapine metabolism, is debated. In Malawi [24] and Thailand [22], 59-79% of patients had subtherapeutic nevirapine concentrations during the lead-in period when taking concomitant rifampicin-based TB treatment, and South African cohort data suggest that this finding may result in inferior virological outcomes [18 ] . Switching without a lead-in period from efavirenz (a less potent inducer of drug metabolism than rifampicin) to full dose nevirapine is recommended [25 ] . Recruitment into a Thai study comparing standard leadin and standard dosing of nevirapine to omission of leadin and a dose increase to 300 mg twice daily at 2 weeks was stopped prematurely because of increased adverse effects in the higher-dosed arm. However, the difference between the two arms did not reach statistical significance, with adverse events in 1/16 in the lower-dose and 4/16 in the higher-dose groups [22] . Preliminary safety data from the CARINEMO-ANRS 12146 trial are reassuring [26] . Of the 236 Mozambican patients on rifampicin-based TB treatment randomized to ART containing either efavirenz 600 mg, or nevirapine without lead-in dosing, less than 5% developed a significant transaminitis requiring NNRTI discontinuation and there were no severe skin reactions [26] . Although these data are not broken down by study arm, because the study is still ongoing, these adverse event rates are low even if all 62 Use of antiretroviral therapy in low-and middle-income countries Figure 1 Potential risks associated with early versus delayed antiretroviral therapy in patients with HIV-associated tuberculosis occurred in the nevirapine arm. On the basis of these data, we recommend that the lead-in dose be omitted in patients initiated on nevirapine who have been taking rifampicin-based TB treatment for more than 1 week.
A cohort study in 310 patients in Botswana [27] found no difference in efficacy of NNRTI-based ART with and without rifampicin-based TB treatment and no difference between the efficacy of nevirapine (initiated with lead-in dosing) and efavirenz when combined with TB treatment. In a cohort of 188 Thai patients [28] , no significant difference in virological suppression at 48 weeks was seen between efavirenz and nevirapine (78 versus 67% suppressed, respectively) when combined with TB treatment. However, a larger and better powered cohort study including 2035 South Africans found that a higher proportion of patients failed ART virologically at 6 months when nevirapine (with lead-in dosing) was initiated during TB treatment than without TB treatment [16.3% (95% confidence interval [CI] 10.6-23.5%) versus 8.3% (95% CI 6.7-10.0%)] [18 ]. TB treatment did not affect efavirenz efficacy, and nevirapine efficacy was unchanged in patients who were initiated on TB treatment while taking nevirapine-based ART [18 ] . It is likely that subtherapeutic nevirapine concentrations during the lead-in period accounted for inferior outcomes with nevirapine [18 ]. The only published randomized controlled trial to date, in 142 Thai patients, showed no difference in virological suppression at 48 weeks between efavirenz and nevirapine (with lead-in dosing) administered with concomitant TB treatment (73 and 72% suppressed, respectively) [19 ] . Results of the CARI-NEMO-ANRS 12146 randomized controlled trial of efavirenz versus nevirapine (without lead-in dosing) with TB treatment in Mozambique are expected in 2011.
In our opinion, based on current evidence, efavirenz at standard doses remains the preferred NNRTI in patients on concomitant rifampicin-based TB treatment. Nevirapine at standard doses, and without lead-in dosing, should be prescribed when efavirenz is not available or compelling indications for use of nevirapine exist.
Rifampicin causes marked reduction in the concentration of all protease inhibitors except ritonavir [11] . To overcome the effect of rifampicin on boosted protease inhibitors, the dose of ritonavir used for boosting may be increased to 400 mg 12 hourly (with saquinavir or lopinavir only) [29] [30] [31] , or the dose of boosted protease inhibitor may be doubled (for lopinavir in adults only) [29] . Severe hepatotoxicity was observed in three recently reported healthy volunteer studies of rifampicin in combinations with ritonavir-boosted lopinavir [32 ] , atazanavir [33 ], and saquinavir [34 ] . In these studies, hepatotoxicity developed predominantly in participants initiated on rifampicin before the boosted protease inhibitor. It has been theorized that the sequence of drug initiation may be important and that prior induction with rifampicin may result in increased concentrations of a hepatotoxic protease inhibitor metabolite or that inhibition by ritonavir may reduce clearance of a hepatotoxic rifampicin metabolite [33 ] . The implications of these studies for co-administration of boosted protease inhibitors with rifampicin-based TB treatment are unclear. On the basis of the above data, rates of hepatotoxicity may be lower in patients already taking second-line protease inhibitor-based therapy before tuberculosis is diagnosed and TB treatment initiated. To date, there are no cohort studies documenting efficacy or safety of ritonavirboosted lopinavir in combination with rifampicin-based TB treatment. With increasing numbers of patients in tuberculosis-endemic areas requiring second-line ART, this is a research priority. Liver function monitoring is recommended in all patients treated with boosted protease inhibitors in combination with rifampicin, particularly when the protease inhibitor must be initiated when the patient is already induced on rifampicin-based TB treatment.
Rifabutin, which is a less potent inducer of drug metabolism, is recommended as an alternative to rifampicin in well resourced countries [11] , but is currently unaffordable in resource-limited settings and logistically difficult to implement in TB control programs that use rifampicinbased fixed-dose combination formulations of TB drugs.
Triple nucleoside reverse transcriptase inhibitor (NRTI) therapy is associated with increased risk of treatment failure when compared to efavirenz-based therapy [35] , but it may be considered as an option in combination with TB treatment when NNRTIs are not tolerated or an NNRTI-based regimen had previously failed and protease inhibitors are unavailable or not tolerated.
Our recommendations regarding co-administration of rifampicin-based TB treatment and ART are summarized in Table 1 . Potential drug interactions between ART and drugs used to treat drug-resistant TB have recently been reviewed [5 ].
Adverse events and co-toxicities
HIV infection itself results in an increased rate of serious adverse events in patients on TB treatment [36] , and ART may further increase this. A retrospective cohort study in South African patients on rifampicin-based TB treatment found increased serious adverse events, primarily peripheral neuropathy and increased vomiting, in HIV-infected compared with uninfected patients, but no association with concomitant use of ART was found [37] . Isoniazid, stavudine, and didanosine are common causes of neuropathy [6] . In another South African study, patients taking ART together with TB treatment were found to be at increased risk of stavudine discontinuation, primarily due to peripheral neuropathy [38 ] . The risk of stavudine substitution in the first 2 months of ART was nearly seven-fold higher in patients initiating stavudinecontaining ART concurrently with TB treatment than in those not receiving TB treatment [38 ] . Patients treated concomitantly for both HIV and TB infection require routine pyridoxine supplementation (to prevent isoniazid-related neuropathy), and alternatives to stavudine should be considered when available, particularly in patients with pre-existing neuropathy.
Among the first-line TB drugs, pyrazinamide, isoniazid, and rifampicin have all been associated with hepatotoxicity [6] . There are concerns about increased hepatoxicity when NNRTIs, particularly nevirapine, are prescribed with TB treatment. Study results differ. Increased hepatotoxicity was seen when both efavirenz [27, 39] and nevirapine [27] were administered concomitantly with TB treatment. However, in a large South African cohort, there was no increase in drug substitution due to toxicity in patients on TB treatment who were treated with either efavirenz or nevirapine compared with those not on TB treatment, although rates of substitution for toxicity in the cohort were overall higher for nevirapine [18 ] . Boosted protease inhibitors with rifampicin-based TB treatment may also result in hepatotoxicity (discussed above). Development of deranged liver functions may significantly complicate treatment of co-infected patients and may necessitate interruption of all potentially hepatotoxic antiretrovirals and TB drugs [40] , and inpatient rechallenge. Such interruptions of therapy for TB and HIV, although essential in case of severe drug toxicities, may worsen the prognosis.
Other shared side-effects include drug rashes (that may occur due to many of the TB drugs, co-trimoxazole, nevirapine, and, less frequently, efavirenz), gastrointestinal intolerance (especially with zidovudine, didanosine, protease inhibitors, pyrazinamide, ethionamide, and para-aminosalicylic acid), and neuropsychiatric sideeffects (especially with efavirenz, isoniazid, ethionamide, and cycloserine) [5 ,9 ] . Use of aminoglycosides (e.g., amikacin and kanamycin) and capreomycin in the treatment of drug-resistant TB may result in nephrotoxicity, and co-administration of tenofovir, which may also result in nephrotoxicity, should be avoided if possible [5 ] .
Tuberculosis immune reconstitution inflammatory syndrome
Two forms of TB-IRIS are recognized. Paradoxical TB-IRIS occurs in patients diagnosed with TB and established on TB treatment prior to ART who then manifest with recurrent or new TB symptoms and signs after ART 64 Use of antiretroviral therapy in low-and middle-income countries initiation [41,42 ,43 ] . Unmasking TB-IRIS occurs in patients who are not on TB treatment when they start ART, who then have an unusually inflammatory presentation of TB in the first 3 months of ART [42 ,44] . There have been several recent case reports of unmasking TB-IRIS [45] [46] [47] , including one with a fatal outcome [45] . Both forms of TB-IRIS are thought to result from rapid recovery of mycobacterial immune responses resulting in inflammatory reactions to Mycobacterium tuberculosis antigen [44, [48] [49] [50] .
In 12 published cohort studies from five continents, the incidence of paradoxical TB-IRIS is reported to be 8-43% among patients starting ART while on TB treatment [2 ,40,51-60]. Major risk factors are low CD4 cell count, disseminated TB, and short interval between starting TB treatment and ART [40, [52] [53] [54] [56] [57] [58] 60] . The most frequently reported features are recurrent TB symptoms, fever, enlargement of lymph nodes, worsening radiographic pulmonary infiltrates, and enlargement of pleural effusions (Fig. 2) [41, 61 ] . Patients typically develop paradoxical TB-IRIS symptoms 2-4 weeks after starting ART [51] [52] [53] [57] [58] [59] .
A recent study from Uganda [2 ] reported paradoxical TB-IRIS in 13 of 45 patients (29%) being treated for TB when starting ART. Several other studies have reported a short interval between starting TB treatment and ART to be a risk factor for paradoxical TB-IRIS [40, 52, 54, 58, 60] . However, in this study, delaying ART until after 2 months of TB treatment did not appear to prevent paradoxical TB-IRIS: 22% of patients starting ART within 2 months developed TB-IRIS and 31% of those starting ART after 2 months developed TB-IRIS.
Abdominal features of paradoxical TB-IRIS are increasingly recognized [41,61 ,62] . These include hepatic and splenic involvement, intestinal lesions, peritonitis [63] , ascites, intra-abdominal lymphadenopathy, and abscesses. Abdominal symptoms are reported in up to 59% of patients [61 ] and include pain, nausea, vomiting, and diarrhea [57, 61 ] . Hepatic involvement, which occurs in between 21 and 56% of TB-IRIS patients, can be difficult to differentiate from drug-induced hepatitis [61 ,62] . Hepatic TB-IRIS manifests with tender liver enlargement, cholestatic liver function derangement with or without jaundice, and granulomatous hepatitis on liver histology [62] .
Mortality associated with paradoxical TB-IRIS is rare, except when the central nervous system is involved. Neurological deterioration has been reported in 12% of paradoxical TB-IRIS cases [64 ] .
Features include new or
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Figure 2 Illustrative case of paradoxical tuberculosis immune reconstitution inflammatory syndrome
A 49 year-old man was diagnosed with pulmonary TB (sputum cultured Mycobacterium tuberculosis susceptible to rifampicin and isoniazid). Chest radiograph at TB diagnosis (a) showed a right upper lobe infiltrate. His symptoms improved on TB treatment. His CD4 cell count was 29 cells/ml and HIV viral load 191 000 copies/ml. He was started on antiretroviral therapy 2 weeks after TB treatment and developed recurrent cough, night sweats and dyspnea 2 weeks later. Chest radiograph (b) showed worsening of the right upper lobe infiltrate and a new right pleural effusion. His CD4 cell count had risen to 51 cells/ml. Repeat TB cultures from sputum and pleural aspirate were negative. His effusion was therapeutically aspirated and he was treated with prednisone for paradoxical TB-IRIS to which he symptomatically responded. His viral load performed 6 months after ART initiation was less than 50 copies/ml. ART, antiretroviral therapy; TB, tuberculosis; TB-IRIS, tuberculosis immune reconstitution inflammatory syndrome.
recurrent meningitis, enlarging tuberculomas, and radiculomyelopathy. In a series of 23 neurologic TB-IRIS patients, only 70% were known to be alive at 6 months; and six of 16 survivors were left with neurologic disability [64 ] . Other potentially life-threatening manifestations recently reported include splenic rupture [65] , acute renal failure [66 ] , and enlargement of pericardial effusions [67, 68] .
The diagnosis of paradoxical TB-IRIS may be difficult, as there is no confirmatory diagnostic test. In patients with advanced HIV, there is a wide differential diagnosis for clinical deterioration during early ART [69] . Other opportunistic infections, malignancies, drug-resistant TB, and drug reactions need to be excluded. A high prevalence of rifampicin-resistant TB (10%) was recently reported in a cohort of patients presenting with suspected paradoxical TB-IRIS to a referral hospital in South Africa [61 ] . The clinical presentation of TB-IRIS in these patients was indistinguishable from those with drug susceptible disease, suggesting that patients with undiagnosed drugresistant TB might also develop paradoxical TB-IRIS after starting ART with resultant acceleration of clinical deterioration [61 ] . Consensus case definitions for TB-IRIS were recently published by the International Network for the Study of HIV-associated IRIS (INSHI) [42 ] .
Paradoxical TB-IRIS has most frequently been treated with corticosteroids, nonsteroidal anti-inflammatory drugs, and aspiration or surgical drainage of collections. Evidence for efficacy of treatment is anecdotal, apart from one randomized placebo-controlled clinical trial of prednisone in 110 patients with paradoxical TB-IRIS, which excluded patients with immediately life-threatening TB-IRIS. Prednisone (at a dose of 1.5 mg/kg per day for 2 weeks followed by 0.75 mg/kg per day for 2 weeks) reduced duration of hospitalization and outpatient therapeutic procedures, the combined primary endpoint of the trial. Participants who received prednisone also experienced more rapid symptom and radiographic improvement [70] . When considering corticosteroids to treat TB-IRIS, clinicians need to confidently exclude alternative causes for deterioration and consider potential risks such as herpes reactivations and Kaposi's sarcoma [71] [72] [73] .
When to start antiretroviral therapy in tuberculosis patients?
The decision regarding when to start ART during TB treatment needs to balance several considerations (Fig. 1) . The two most important variables in the decision are the incidence and mortality associated with TB-IRIS (mortality is reported to be 0-12%) [40, 54, 55, [57] [58] [59] 64 ] and the excess mortality associated with delaying ART and the development of other opportunistic infections [74, 75] . Studies in South Africa have shown considerable mortality among patients after enrolment into ART programs before starting ART, particularly in those with advanced HIV and low CD4 cell counts [76, 77] . Fear of causing TB-IRIS may result in clinicians delaying ART despite high associated mortality [78, 79] .
A retrospective cohort study from Spain of 313 patients with TB and HIV reported lower mortality (9 versus 20%) in patients started on ART within 2 months of TB treatment compared with those started later. This difference remained significant after adjustment for other factors potentially associated with mortality (adjusted hazard ratio ¼ 0.37) [80 ] . Another retrospective study from Iran, in hospitalized HIV-TB patients with CD4 cell count less than 100 cells/ml, found that changing guidelines for initiating ART from 8 to 2 weeks after TB treatment was associated with a reduction in mortality and no excess of adverse drug reactions or IRIS [81 ] .
Several randomized-controlled studies are underway that address the question of the optimum time to start ART in TB patients [82] . The SAPIT study [83] , being conducted in South Africa, has reported interim results.
It is an open-label randomized-controlled trial comparing three different ART initiation strategies in smearpositive TB patients with CD4 cell count between 0 and 500 cells/ml. ART is started during intensive phase TB treatment in Arm 1 after intensive phase in Arm 2 or after completing TB treatment in Arm 3. On interim analysis, Arm 3 was halted because of excess mortality compared with Arms 1 and 2 combined; 12.1 versus 5.4 deaths per 100 person-years, respectively. This mortality increase was significant in both those with CD4 cell count 200 cells/ml or less and more than 200 cells/ml. Although awaiting results from these trials, WHO guidelines recommend starting ART between 2 and 8 weeks of TB treatment in patients with CD4 cell count less than 200 cells/ml and during continuation phase in those with CD4 cell counts 200-350 cells/ml [12] . In patients with very low CD4 cell counts, there is greater urgency to start ART.
Treatment outcomes
Use of ART in TB patients is associated with improved survival [83] [84] [85] [86] . Commencing ART while on TB treatment does not compromise virological and immunological outcomes [1]. The mortality rate in patients starting ART while on TB treatment is, however, higher than for those not on TB treatment [1, 87, 88 ] , although this is likely related to confounding factors. In a recent study [88 ] , despite those on TB treatment having 70% higher mortality in crude analysis, in multivariate analysis, there was no association between being on TB treatment and death. The higher mortality rate was explained by confounding factors: low CD4 cell count, low BMI, and WHO stage 4 disease [88 ] . In a Haitian study, patients diagnosed with incident TB in the first 3 months of ART had a higher mortality rate than controls diagnosed with TB before ART or after 3 months of ART [89] . Unmasking TB-IRIS may have been a factor.
Conclusion
Many patients with HIV-associated TB present to healthcare services with advanced immunosuppression necessitating concurrent ART and treatment for TB. Concurrent treatment has been demonstrated to improve survival [83] [84] [85] [86] , but is complicated by drug interactions, high pill burden, shared toxicities, and paradoxical TB-IRIS. Adjustments in TB treatment and/or ART regimen may be required to account for drug interactions. Clinicians should be aware of potential toxicities from ART and TB treatment and monitor for these. There is evidence demonstrating the benefit of prednisone for patients who develop significant symptoms related to paradoxical TB-IRIS as long as other diagnoses are confidently excluded. Better TB-HIV service integration remains a priority in order to improve diagnosis and management of co-infected patients and reduce diagnostic and treatment delays [9 ,90-92] .
Papers of particular interest, published within the annual period of review, have been highlighted as: of special interest of outstanding interest Additional references related to this topic can also be found in the Current World Literature section in this issue (pp. 106-107). A large cohort study including 2035 South African patients on efavirenz or nevirapine-based ART, comparing outcomes in patients initiated on ART with and without concomitant TB treatment. Initiating nevirapine while on TB treatment was found to be associated with poorer virological outcomes, suggesting that subtherapeutic nevirapine concentrations during lead-in dosing might be the cause.
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